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Abstract

Floor housing systems for laying hens are being re-estab-
lished in Sweden. Compared to traditional cage systems, the 
air in floor housing systems may be more polluted with dust.

Investigations about how different factors affect concen-
tration and generation of dust in a floor housing system 
for laying hens have therefore been carried out at JBT:s 
research station Alnarp Södergård. A climate chamber was 
equipped with a floor housing system. How age of hens, 
storage time of manure, ventilation rate and bedding mate-
rials affected concentration and release of dust were inves-
tigated during two production cycles.

The concentration and generation of dust as well as the 
efficiency of different dust reducing measures were inves-
tigated and analysed in order to improve the understanding 
of how different factors influence dust conditions in these 
housing systems.

Settling of dust was a more important mechanism in the 
mass balance of dust than ventilation rate which reduced 
the influence of ventilation rate as a dust reducing mea-
sure. A major part of the generated dust settled on different 
surfaces inside the building.  The settling rate of dust was 
affected by the concentration of dust in the air. The settled 
amount of dust also stood in relation to the floor area of the 
stable. An increased ventilation rate had a limited effect on 
the concentration of total dust due to the importance of the 
settling of the dust. 

Dust release was also investigated when using six differ-
ent bedding materials, namely; gravel, clay pellets, peat, 
wood shavings, chopped straw and chopped paper. Clay 
pellets and peat resulted in lowest concentrations of dust.

Automatic spraying of small droplets of water reduced 
the dust concentration in four trials with different bed-
ding materials (chopped paper, clay pellets, peat and wood 
shavings).  

Spraying a mixture of rape seed oil in water was also ef-
fective with an automatic spraying system. 

From our findings from the investigation we will recom-
mend using clay pellets as bedding material and using a 
sprinkler system spraying water droplets frequently in 
floor housing systems for laying hens. 
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1 Introduction

Hartung J. (1998) states that poultry house air has much 
higher dust concentrations than for other animals. Seedorf  
J. (2000) demonstrated that particle emission in fowl keep-
ing was 22 times higher (3165 mg h-1 per livestock unit) 
than for cattle keeping and four times higher than for pig 
keeping. 

Regarding laying hens, floor housing systems are being 
re-established in Sweden since animal welfare legislation 
stipulates that systems for laying hens must include lay-
ing nests and perches and provide access to litter. Com-
pared to traditional cage systems, the air in floor housing 
systems may be more polluted with dust because of high 
activity and more bedding material (Gustafsson G. et al. 
1990, Hauser R. H. 1990, Lyngtveit T. 1992, Drost H. et al. 
1992, 1993, Groot Koerkamp P. et al. 1993). The hygienic 
threshold limit value for dust for occupational safety and 
health (Swedish National Board of Occupational Safety 
and Health, 2000) of 5 mg m-3 is often exceeded during 
work operations in floor housing systems for laying hens. 
Whyte R. T. et al. (1993) reported that the average inspir-
able fraction breathed by poultry stockmen ranged from 
2.1 to 28.5 mg m-3 for a complete working day.

In investigations about concentrations and emissions of 
airborne dust in Northern Europe (Takai H. et al. 1998) 
was it concluded that both inhalable and respirable dust 
concentrations were higher in percheries than in houses for 
caged layers. Ellen H. H. et al. (2000) reported that dust 
concentrations in perchery and aviary housing systems of-
ten were four to five times higher than in cage systems. 
Factors affecting dust concentrations are animal category, 
activity, bedding materials and season. 

Whyte R. T. (2002) reported that average inhalable dust 
exposure by poultry stockmen for a complete working 
day in free range systems was 10.8 mg m-3 compared to  
4.8 mg m-3 in cage systems.

Guarino M. et al. (1999) found that dust concentration 
in an enclosed laying house was significantly higher dur-
ing periods with feed distribution and scraper cleaning than 
during the night.

Donham K. et al. (1999) reported a threshold concentra-
tion of 2.4 mg m-3 for human health inside poultry build-
ings.

In order to study the generation and concentrations of dust 
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and their correlation to other factors a small scale poultry 
house (climate chamber) was equipped with a floor hous-
ing system. Between 333 and 392 hens were kept in the 
system during the investigations.

The objective of the investigations was to evaluate the 
influence of following factors on dust concentration and 
generation:

* Age of hens
* Storage of manure
* Ventilation rate
* Bedding materials
* Fogging water droplets
* Spraying a rape seed oil mixture 

2 Mass balance of dust

The mean generation of dust can be described as:

p = q (Co - Ci) + S A					     (1)

where: p is the production of dust in mg h-1 ; 
Co  and Ci  are the total dust concentrations in air outlets and 
inlets in mg m-3 ; 
S is the settling rate of dust on floor surfaces in mg m-2h-1; 
and A is the area of the floor in m2.

3 Materials and methods

How age of hens, storage time of manure, ventilation 
rate, bedding materials and spraying water droplets or an 
rape seed oil mixture affected generation and concentration 
of dust were investigated during two production cycles at 
JBT:s research station Alnarp Södergård.

3.1 Housing system

The investigations were carried out in a climate chamber 
equipped with a floor housing system, figure 1. The cham-
ber was surrounded by a temperature controlled air space 
where the air temperature and supply air temperature to the 
chamber were varied between 0 and 16 º C. 

The housing system contained a bedding area, a manure 
bin area with manure conveyors below a draining floor and 
laying nests which were placed close to one of the walls. 
The bedding area was 1.5 m wide where six different bed-
ding materials were investigated successively, namely; 
gravel, clay pellets, peat, wood shavings, chopped straw 
and chopped paper. The rest part of the floor which was 
3.0 m wide was elevated to a height of 0.6 m and equipped 
with a draining floor. 

1

22

7

7

850 3010 1500

2
8
0
06

5

4

3

1. Climate controlled air space
2. Air inlet
3 Bedding
4. Draining floor
5. Conveyors
6. Nests
7. Air outlet

Figure 1: 
The climate chamber equipped with a floor housing system

3.2 Ventilation and climate control

Mechanical ventilation was provided by a negative pres-
sure system. Air inlets in the ceiling provided the chamber 
with supply air from the climate controlled area surround-
ing the chamber. In these studies an exhaust fan removed 
air at floor level close to the manure conveyors via a slit in 
a duct below the laying nests.

The temperature inside the chamber was kept at a con-
stant level of 20 to 21 °C during each trial. The ventilation 
rate could thereby also be kept constant. The constant air 
temperature was maintained by controlling the amount of 
extra heat from heat pipes in the chamber. 

The ventilation rate was manually regulated with a damp-
er in an exhaust air duct. 

3.3 Measurements

The ventilation rate was calculated from air velocities 
measured two times per trial in 5 positions of the cross sec-
tion of the exhaust air duct (φ 400 mm) by using a hot wire 
anemometer (GGA- 65P, Alnor Instrument CO, Skokie,  
Illinois, USA). 

The efficiencies of different treatments were determined 
by gravimetric measurements of sampled dust masses on 
37 mm diameter dust filters (Millipore with an air flow 
rate of 1.9 l/min) in SKC cassettes located in the middle 
of the barn at 1.7 m height above the floor (breathing zone 
of humans) but also in the exhaust air. Each sampling pe-
riod was 3 - 4 days. Sampling  was done 15 minutes each 
hour controlled by a timer. Settled dust, which was sam-
pled on five 0.230 m2 settling plates located at a height of 
2.0 m (height was chosen so that they could not be moved 
during work operations) was also gravimetrically deter-
mined. Each measurement was carried out over a period of  
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3 - 4 days in order to collect enough dust on the settling 
plates. Different treatments were compared to reference 
values measured before and after the treatments.

The generation of dust was determined according to 
equation 1.

3.4 Analyses

Different measures to reduce the generation and concen-
tration of dust was analysed by using the following prop-
erties in the mass balance in equation 1: averages of total  
dust concentrations Co measured in the exhaust air; average 
of settling rate of dust on settling plates S; generation of 
dust p as defined by equation 1;. Concentration in inlet air, 
Ci, was assumed neglectable compared to Co.

3.5 Investigations

The influence of age of the hens on release of dust was 
investigated during two production cycles.

The influence of increasing storage time of manure in the 
bedding area was investigated during periods with daily 
manure removal from the conveyors. 

The influence of ventilation rate was determined at con-
stant air temperature (20 to 21 ºC) at varying ventilation 
rates. 

Six different bedding materials were investigated name-
ly; gravel, clay pellets, peat, wood shavings, chopped 
straw and chopped paper at ventilation rates in the range of  
1.04 – 1.13 m3 hen-1 h-1.

How different amounts of water which was fogged influ-
enced dust concentration was investigated using four dif-
ferent bedding materials (chopped paper, clay pellets, peat 
and wood shavings). Full cone nozzles (Fulljet 5LVS) were 
used. The equipment for controlling the spraying time is 
presented in figure 2. 

Aut Off
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Water Pump Reducer valve Nozzle

Figure 2. 
Equipment for control of spraying time and intervals for the spraying 
nozzle

Spraying was done twice per hour during the light period 
4.30 a.m. – 5.30 p.m.. Different amounts of water were in-
vestigated by varying the spraying time with a time relay. 

The effect on dust concentration by fogging water droplets 
was compared with reference periods without any fogging.

The effect of spraying different amounts of a mixture of 
10% rapeseed oil in water on dust concentration was also 
investigated. The mixture was supplied once per day with 
the same equipment as for water droplets.

4 Results and discussion

4.1 Age of hens

It could not be proved that the age of the hens had any 
influence on the generation of dust.

Obviously the dependence of age in this type of hous-
ing system for layers differs with the generation of broil-
ers were it has been reported that the generation of dust 
increases with age and weight of chickens (Gustafsson G. 
et al. 1990). An explanation may be that the weight of the 
hens is relatively constant during the production period.

4.2 Storage of manure

The storage time of manure in the bedding had no signifi-
cant influence on the generation of dust. Accumulation of 
manure in the bedding seems therefore not to be the major 
source for the generation of dust.

4.3 Ventilation rate 

The ventilation rate had a limited diluting effect on dust 
concentration, figure 3. 
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Figure 3: 
Total dust concentrations at different ventilation rates in a trial with gravel 
as bedding material

Even if dust concentration decreased at increasing venti-
lation rate, it was not an ideal dilution depending on ven-
tilation rate. The variations in dust concentrations were 
large which indicates that there were other factors as activ-
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ity in the building environment which were more impor-
tant for the dust concentration than ventilation rate. The 
ventilation rate did not either have any significant influ-
ence on the generation of dust. The average dust genera-
tion was 27.9 mg hen-1 h-1 when the ventilation rate was 
in the range of 0.9 – 3.4 m3 hen-1 h-1. The investigations 
showed that it was a limited amount of the dust gener-
ated which was exhausted with the ventilation air, figure 
4. The reason was that the major part of the dust pro-
duced settled on different surfaces. This result is in accor-
dance with results earlier reported for swine and chickens  
(Nilsson C. et al. 1987, Gustafsson G. et al. 1990). 
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Figure 4
Ratio of exhausted dust at different ventilation rates in a trial with gravel 
as bedding material

4.4 Settling of dust

The settling rate of dust, S, was also analysed as function 
of the dust concentration in the air, see figure 5. The sett-
ling rate increased with increasing concentration.
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Figure 5:
Settling rate of dust as function of dust concentration when gravel was 
bedding material

4.5 Bedding materials

Total dust concentrations with different bedding materi-
als are presented in table 1 when the ventilation rates were 
in the range of 1.04 – 1.13 m3 hen-1 h-1. 

The level of concentration of dust was about the same for 
the bedding materials wood shavings, clay pellets, peat and 
chopped straw. Especially gravel resulted in higher con-
centrations, however, not statistically different.

Regarding the generation of dust was the picture about 
the same as for concentration of dust except for peat and 
chopped paper as bedding materials, table 2. The high dust 
production with peat depended on a high settling rate.

Table 1:
Total dust concentration (mg m-3) with different bedding materials. Venti-
lation rate in the range of 1.04 – 1.13 m3 hen-1 h-1

Bedding: Average 
mg m-3

Minimum
mg m-3

Maximum
mg m-3

Gravel 4.7 4.0 5.5

Wood shavings 2.3 2.1 2.4

Clay pellets 1.8 1.7 1.9

Peat 1.7 1.2 2.3

Chopped straw 2.1 1.8 2.3

Chopped paper 2.6 2.2 2.9

Table 2:
Total dust production (mg hen-1 h-1) with different bedding materials. Ven-
tilation rate in the range of 1.04 – 1.13 m3 hen-1 h-1

Bedding: Average
mg hen-1 h-1

Minimum
mg hen-1 h-1

Maximum
mg hen-1 h-1

Gravel 27.4 26.6 28.3

Wood shavings 11.4 10.4 12.4

Clay pellets 8.5 7.6 9.8

Peat 21.7 12.1 35.3

Chopped straw 16.8 15.7 17.8

Chopped paper 22.7 18.5 25.5

4.6 Fogging water droplets

How different amounts of water which was fogged in-
fluenced dust concentration was investigated using four 
different bedding materials. The effect of fogging was 
analysed as relative values compared to the levels without 
any fogging. Fogging resulted in a considerable reduction 
of dust concentration in all trials. The reduction in dust 
concentration was improved when the amount of water in-
creased, which is exemplified in figure 6.

Fogging water droplets is obviously an effective way of 
reducing dust concentration in this type of housing system. 
Von Wachenfelt E. (1999) has earlier reported up to 65% 
reduction by fogging water droplets in an aviary system for 
laying hens.
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Figure 6:
Relative dust concentration (1.0 is reference level) at different amounts of 
water sprayed. Wood shavings was bedding material

4.7 Spraying a rape seed oil mixture

The effect of showering a mixture of 10 % rape seed oil 
in water on dust concentration was also investigated, fig-
ure 7. The mixture was showered with full cone nozzles 
located above the draining floor. Showering the oil mixture 
reduced the dust concentration with 30 to 50 %. The oil 
mixture had effect at as low amounts as 0.003 l m-2 day-1. 
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Figure 7:
Relative total dust concentration (1.0 is reference level) at different 
amounts of a sprayed oil mixture

5 Conclusions

The following conclusions can be drawn from the inves-
tigations:

There were no ideal diluting effect of ventilation rate on 
dust concentration.
A major part of the produced dust settled on different 
surfaces.
Spraying water droplets or an oil mixture reduced dust 
concentration.
The feather conditions were very good when water 	
droplets or an oil mixture were sprayed.
Bedding of clay pellets or peat generated the lowest 
concentrations.

•

•

•

•

•

Gravel as bedding material generated the highest con-
centrations.

From our findings from the investigations we will rec-
ommend using clay pellets as bedding material and using 
a sprinkler system spraying water droplets frequently in 
floor housing systems for laying hens.
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